Soil-borne pathogen Setophoma terrestris is the causal agent of pink root of onion, one 22 of the most challenging diseases in onion production. Conventional approaches for 23 managing the disease like solarization, soil fumigation and crop rotation have not been 24 proven effective enough. In this work, we evaluated the biocontrol capacity of Bacillus 25 subtilis ALBA01 (BsA01) against S. terrestris, in a highly susceptible onion cultivar, both 26 under greenhouse and field conditions. Disease incidence and severity were evaluated 27 together with growth, photosynthesis among other physiological variables and yield 28 parameters. When compared with plants infected with the pathogen, those plants co-29 inoculated with BsA01 showed significantly less damage and levels of biocontrol above 30 50%. With regard to physiological parameters, plants challenged with S terrestris and 31 inoculated with BsA01 performed as well as the control non-infected plants revealing a 32 growth promotion effect of BsA01 on onion plants.
Introduction
Onion (Allium cepa L.) is an important vegetable crop with a worldwide production of 37 approximately 73 million tons per year, 8% of which is lost because of disease constraints 38 (Rinland et al. 2015) . In Argentina, onion production is very important, in terms of 39 quality and quantity, being the main producer country and exporter of dehydrated onions 40 of Latin America (SENASA 2014) . 41 Pink root disease, caused by the soil-borne fungus Setophoma terrestris, is one of the most substrate with 2,5 l of the S. terrestris inoculum prepared as explained above (Netzer et 125 al.1985) . The inoculum of S. terrestris in the mix was quantified by the following 126 procedure: 1 g of soil was placed in 100 ml of sterile water and processed according to 127 the serial dilution method and inoculated on PDA (Netzer et al. 1985) . In addition, 128 bacterial-inoculated plants were re-inoculated with BsA01 30 days post-transplant in a 129 similar manner as previously described.
130
Field experiment 131 Plant material preparation 132 For this trial, seed bio-priming was performed according to Bisen et al. (2015) and 133 Mahmood et al. (2016) . BsA01 was cultured in BHI broth at 28 ºC for 24 h. After 134 disinfection with 3% sodium hypochlorite solution, seeds were rinsed and drained for 10 135 min at room temperature. Half of the seeds were immersed in the B. subtilis suspension 136 (OD 1.3). The other half was immersed in BHI broth without bacteria and was used as 137 controls. Seeds suspensions were maintained for 24 h at 28 ºC and 170 rpm. Both groups 138 of seeds were dried at room temperature and then sown in the field with a manual seeding 139 machine. In addition, two more inoculations with 1 ml of the same BsA01 suspension 140 (OD=1.3, per plant) were carried out at 60 and 90 days after plant emergence. Plots were 141 irrigated by flooding, as it is normally done in extensive onion crop production systems.
142
Half of the bacteria-inoculated plants and half of the non inoculated plants were 143 inoculated with the pathogen. For this purpose, the St inoculum was multiplied and 144 prepared as indicated before and the pathogen suspension was poured on the planting line, 145 spreading 2 l in 2.5 m. Three replicates of each treatment were carried out in 10 m 2 146 subplots. as growth and performance were only evaluated in the field experiment. Values used for calculation were obtained at 130 days after sowing for the greenhouse 171 trial and at 100 days for the field trial. As growth parameters we evaluated: dry matter, length of leaves and roots. In addition, 174 the diameter of the bulbs and yield were also estimated since both are important for 175 commercial qualification of onion. These variables were measured only in the field trial 176 at 40, 70 and 100 days after sowing of the crop. In the field experiment, ANOVA of repeated measures was applied to examine the 216 quantitative parameters, specifying the plot as the repeated term and using the linear 217 procedure of mixed models in INFOSTAT® 2017 (Di Rienzo et al. 2017) . We captured 218 the variation among the plots directly by modeling the variance-covariance matrix of the 219 residuals on each task for each plot. The best fitting covariance structure for the residuals 220 across trials was autoregressive (AR1) that resulted in improved fit of the model. The 221 multiple comparisons between the means of the treatments were determined by using 222 Fisher test (P≤0.05) and the measurement of the variability reported with the mean 223 10 corresponds to the standard error.
147

Experiment design and variables evaluated
224
Results
225
In both trials, all plants inoculated only with S. terrestris showed pink root symptoms 226 ( Fig. 1) indicating that the infectious inoculum was effective and plants were susceptible 227 to the pathogen.
228
Pink root severity and biocontrol under greenhouse conditions 229 The progress of the disease was evaluated by the calculation of AUDPC (Fig 2a) . For 230 treatment St the AUDPC was 187.5 while for treatment Bs-St was 95.6. The disease 231 severity was significantly reduced when the bacterial strain was applied. We found by 232 logistic regression analysis that Bs-St treatment showed 7 times less probability of disease 233 occurrence (Exp (B) = 7.00, P = 0.005 and Interval of Confidence 95% = 1.822-26.887).
234
According to the average severity values obtained from measurements at day 130, the 235 biocontrol efficiency was of 50.9%.
236
Pink root and biocontrol effects on onion plant growth under field conditions. 237 The severity at day 100 for St treatment was 1.85, with damage not only observed at the 238 root level but also in the aerial part of the plants, with necrosis at the tips of the leaves.
239
Treatment Bs-St resulted in a final severity value of 0.65 (Fig. 2b) . A logistic regression 240 was performed to determine the severity of both treatments. The logistic regression 241 model was statistically significant, (Wald= 5.112; P =0.024). The model explained 27.0% 242 (Nagelkerke R2) of the variance in the disease and correctly classified 77.5% of the cases.
243
Plants inoculated with BsA01 were 12.67 times less likely to have disease than control 244 plants (Odd Ratio = 12.667, 95% CI = 1.402 -114.419, p = 0.024).
245
The AUDPC value of treatment St was 72.75, while treatment Bs-St presented a value of 246 17.25 (Fig. 2b) . The biocontrol efficiency obtained reached a value of 64.86 %.
247
Quantitative plant growth parameters in the field experiment 248 We found significant differences in dry matter measurements, with St treatment showing 249 a 67.45% reduction in dry matter compared to control plants (F= 5.28; P = 0.0015, Fig.   250 3a). Bs-St plants showed an increase in leaf length of 11.36% compared to control 251 treatment, while the lowest value was observed for the treatment with St, which showed 252 exhaustion of 7.67% also compared to control (F= 17.06; P = 0.01, Fig. 3b ).
253
Inoculation with BsA01 determined significant differences in root length. Treatment Bs 254 showed higher root length compared to St and control plants but they do not present 255 significant differences with Bs-St treatment. (F = 12.39, P <0.0001, Fig. 3c ). BsA01 256 inoculation resulted in higher bulb diameter and yield, since plants of Bs-St, Bs and 257 control treatments were significantly different from the St treatment (bulb diameter: 258 F=9.08; P = <0.0001; yield: F=6. 85; P = 0.0004, Fig. 3d-3e ).
259
Gas exchange and ChlF analysis in plants grown under greenhouse conditions 260
Thirty days after inoculation, both net CO2 assimilation rate and stomatal conductance 261 ( Fig. 4a -b) , were significantly reduced in those plants infected by S. terrestris. The plotted on a radar plot in order to get an overall picture of the incidence of S. terrestris 268 and the PGPR effect of BsA01 on the light reaction of photosynthesis (Fig. 4c ).
269
S. terrestris-infected plants (St) showed an abrupt fall (∼50%) of the maximum quantum 270 yield. Moreover, the dissipative light energy mechanism per reaction center parameter 271 sharply increased (by more than two folds) in St plants, indicating that those plants needed 272 to activate the mechanism of dissipation as heat in the Photosystem II (PSII) antenna, 273 12 which commonly occurs under stressful conditions. It is interesting to note that control 274 plants (C), Bs and Bs-St showed neither signs of inactivation of reaction centers (changes 275 in Fv/Fm) nor experienced an increment in the DIo/RC (Fig 4c) . In addition, there was an were unresponsive in the rest of the treatments (Fig. 4c) . The index of vitality of the were registered (Fig. 4c ).
287
Gas exchange and ChlF analysis in plants grown under field conditions 288
Under field conditions, the pernicious effect of S. terrestris on CO2 assimilation 289 resembled those observed in the greenhouse trial. In infected plants (St), net CO2 290 assimilation rate was greatly inhibited (∼100% in relation to C plants) (Fig. 4d ). Such 291 response was correlated to the stomatal conductance, which showed a similar trend (Fig.   292 4e). On the other hand, net photosynthesis of the plants inoculated with BsA01 was 293 significantly higher than those of control plants. 294 The PSII maximum quantum efficiency assessed by simultaneous 295 measurements of ChlF showed a similar pattern to those observed in photosynthetic 296 evaluations (A and gs), but the intensity at which it dropped was slighter (Fig. 4f ). On the 297 other hand, none of the treatments showed signs of alteration on the operating PSII 298 13 efficiency (Fig. 4g ).
299
Discussion
300
It has been extensively reported that some soil microbes, such as fungi and bacteria, can 301 profusely colonize the rhizosphere where the biology and chemistry of the soil are highly 302 influenced by root exudates (Lareen et al. 2016; Khalid et al. 2009 
